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AERODYNAMIC CHARACTERISTICS OF A
162-INCH DIAMETER SOLID ROCKET BOOSTER
WITH AND WITHOUT 3TRAKES

By Josh D. Johnson*, Walter D. Radford**, and John M. Rampy*#*

ABSTRACT

Test 3 conducted at NASA-Langley have shown that a small flap or strake

Can generate a significant amount of 1ift on a circular eylinder with large

cross flow. If strakes are placed on the opposite sides and ends on a

circular body, a moment will be produced about the center of mass of the

body. The purpose of this test was to determine the static-aerodynamic
forces and moments of a 162-inch diameter SRB (PRR) with and without
strakes.

The total angle-of-attack range of the SRB test was from -10 to 190

degrees. Model roll angles were 0, 45, 90, and 135 degrees with some inter-

mediate angles. The Mach range was from 0.6 to 3.48. The 0.00494 gcale model
was designated as MSFC No. 449,

* NASA/MSFC, %% NSI
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NOMENCLATURE
General

SADSAC
SYMBOL DEFINITION

speed of sound; m/sec, ft/sec
CP pressure coefficlent; (p; - pw)/a
MACH Mach number; V/a

pressure; N/m®, psf
Q(N=M) dynedic pressure; 1/25V°, N/me, psf
Q(PSF)
RN/L unit Reynolds number; per m, per ft

velocity; m/sec, ft/sec
ALPHA engle of atteck, degrees
BETA angle of sideslip, degrees

. PSI angle of yaw, degrees

{angle of roll, degrees or
PHI

radial location of strakes
mass density; kg/m3, slugs/ft

Reference & C.G. Definitions

bese srea; m?, ft2
BREF wing span or reference spen; m, ft

center of gravity

LREF reference length or #wing meen
aerodynamic chord; m, ft
SREF wing area or reference ares; ma, r£2
MRP ‘moment reference point
XMRP moment feference point on X axis
IMRP moment reference point on Y axis
ZMRP moment reference point on 2 exis
base
locsl

static conditlions
totsl conditions
free stresm
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NOMENCLATURE
(Continued)
Missile-Axis System

PLOT
SYMBOL SYMBOL DEFINITION
CN CNM normal force coefficient; (Cy cos § ~ Cy sin @)
Ca CA total axial-force coefficient; 25151552525
| Cy CYM side-force coefficient; (Cy sin ¢ + Cy cos @)
CAb CAB base-force coefficient; E§§§§£2£EE; (P, - Pp Ap/qs
i Cas CAF forebody axial-force coefficient; Cy - Cap
é Cn CLMM pitching moment coefficient; (Cp cos @ - C, sin @)
Cn CYNM yawing moment coefficient; (Cp sin @ + C, cos @)
Cl CBL rolling mdment coefficient; rolli%%gmoment

In addition to the standard notation, the following are special to this test:

PLOT
1, SYMBOL SYMBOL DEFINITION
i ch/g XCP/L Center of pressure location based on body length;
Xe g [ Cm )f2ref
LBody \CN /{ “Body
o ch/z YCP/L Center of pressure location based on body 1length;
3" xc.g. _(Cn (Qref \)]
' ' L C )
§'.' Body Y Body
‘1
§ e ACN DCNM Incremental normal force coefficient due to strake
L location; ACy = (Cy) - (Cy) .
L » TN N'@ g = degrees @g=0
oo
: } ACA DCA Incremental axial force coefficient due to strake
) ! location; ACy = (CA)@ # = degrees ~ (CA)@ @ = 0°
; ’ ACY DCYM Incremental side force coefficient due to strake

location; ACy = (Cy)@ @ = degrees - (Cy) @ @8 =0° ‘)9

%ﬁ;&ii?@?fé&";&:&dj-z;sn R
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NOMENCLATURE (Concluded)

Incremental pitching moment coefficient due to strake
location; ACh = (Cplg @ = degrees ~ (Cle g = 0°

Incremental -yawing moment coefficient due to strake
location; AC, = (Cn)@ 9 = degrees ~ (Chla g = 0°

Incremental'rolling moment coefficient due tc strake
location; ACy = (Cy)q @odegrees ~ (Cule ¢ = 0°

Parameter name describing the forward strake; number
in front of decimal is the number of strakes. Number
after decimal is the length of the strake in calibers.

Parameter name describing the 2ft strake; number in
front of decimal is the number of strakes. Number
after decimal is the length of the strake in calibeis.

Indicates that grit has beeu applied to model in a
strip (see Figure 8)

Indicated that grit has been applied completely to

PLOT
SYMBOL SYMBOL DEFINITION
ACqy DCLMM
4C, DCYNM
AC, DCBL
FWDSTK
AFTSTK
STRIP GRIT §
COVERAGE
FULL GRI: F
COVERAGE

the area under consideration on the model (see
Figure 8).
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CONFIGURATIONS INVESTIGATED

The model geometry is specified in Figure 1. The model has been given

the designation "MSFC Model 449". The model is a 0.00494 scale representa-

tion of the Solid Rocket Booster (SRB) with symmetrical engine shroud and
nozzle. The basic model has a 1.097 inch (1.37 calibers) 18° half-angle
blunted cone followed by a 8.453 inch (10.57 calibers) body with a constant
diameter of 0.8 inch (1 caliber) which terminates with a symmetrical engine
shroud and nozzle.

One strake, 1 caliber long and 0.1 caliber high was located 1 caliber
aft of thércone shoulder on the model uﬁper surface. Oqe strake was also
located at .287 calibers forward of the base of the flare on the lower sur-
face of the model. The ‘radial locations of the strakes are shown in Figure
2. 'Radial sign 1s alsc established in Figure 2.

The following variations in the strake configuration were also tested

iii at M = 0.9 and 3.48 for angles-of-attack 70 to 90 degrees.
NS a. Two, 2-caliber strakes, one forward and one aft. (Strake length
‘}'f was increased toward the center of model).

b. Four, l-caliber strakes, two forward and two aft.

e c. One, l-caliber strake forward and one, 2-caliber strake aft.

1
(=%
S

One, 2-caliber strake forward and one, l-caliber strake aft.

e€. One, l-caliber strake. One strake forward with none aft or one

N e - T R
Pama e

strake aft with none forward.

The model was designed so that the nose and nozzle could be reversed

¢ end for end on the sting. For strake radial angles (@), strakes could be
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rotated at 22.5 degree increments. The model's center section remained

fixed with respect to the balance. The model was designed so that the

valance center would always be located on the tunnel centerline.

The following examples are used to decfine strake radial location

and strake conditions. When the model was tested with strakes on (NBES),

there were always two (one FWD and one AFT) except for the ore condition

(e) as explained in the previous paragraphs.

The aft strake is always 180 degrees radially from the forward strake

(Figure 2). However, only the radial location of the forward strake will

be identified.

PHI - Forward Strake Radial Location

PHI - 0.0, no strake on SRB

' - 45;0, only one fwd strake (aft strake 180° radially from

P fwd strake)

3 - 360.90, two fwd strakes - one at 360° and one at 90° (rwo aft

gl strakes are 180° radially from 360° and 90° respectively) l
§ - 45.135,vtwo fwd strakes ~ one at 45° and one at 135° (two aft T
% . strakes are 180° radially from 45° and 135° respectively) i
% Ihe model was changed from a tail mount to a side mount at an angle

fv‘ of attack of 50 degrees and then‘from é side mount to nose mount at an

angle of attack of 130 degrees. The nose and engine shroud/nozzle were

|
placed on opposite ends of the body at an angle of attack of 90 degrees :

to obtain the alpha range of 90 thru 190 degrees. Figures 3 and 4 present

typical model mounting setups for the entire alpha range. Figures 5 through 7
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show typical installation of the model in the tunnel with three different

mounting setups.
The following 0.00494 scale model components were utilized in testing

the model configuration (Refer to Table IIi for dimensional data and altera-
tions due to sting locaticn):
N 162 inch SRB nose, cone angle is 18° with a spherical radius
nose cap.
B 162 inch SRB body
E 162 inch SRE engine shroud and nozzle. Both shroud and nozzle
are symmetrical with the SRB body

S 162 inch SRB body strakes

R attachment ring

Subsonically, the test was conducted at subecritical Reynolds numbers.
In an attempt to minimize Reynolds number effects, No., 100 silicon
carbide abrasive was applied randomly over the model for M = 0.A. The
eomoavison of the model with and without grit is shown on pages 144-164
of the plotted data. Figure 8 shous the pattern of grit coverage

The percentage of tunnel blockage was approximately 4.2%.

10
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TEST FACILITY DESCRIPTION

The Mursh=11 Space Flight Center 14" x 14" Trisonic Wind Tunnel is an inter-

mittent blowdown tunnel which operates by high pressure air flowing from

storage to either vacuum or atmospheric conditions. A Mach number range

from .2 to 5.85 is covered by utilizing two interéhangeable test sections.
The trensonic section permits testing at Mach 0.20 through 2.50, and the

supersonic section permits testing st Mach 2.74 through 5.85. Mach numbers

between .2 and .9 sre obtained by using s controllable diffuser. The range

from .95 toc 1.3 is achieved through the use of plenum suction and perforated
walie. Mach numbers of 1.4, 1.93 and 2.50 are produced by interchangeable
cets of fixed contour nozzle blocks. Above Mach 2,50 s set of fixed contour
nozzle blocks are tilted and translated automatically to produce eny desired
Mach number in .25 increments.

Alr 1s supplied to & 6000 cubic foot storage tank at approximately -4QOF deoy

point end 500 psi. The compressor is a three-stage reciprocsting unit driver.
by a 1500 hp motor.

The tunnel flow is estatlished and controlled with a servo actuated gate
valve. The controlled alr flows through the velve diffuser into the 5tilling
chamber and heat exchanger where the air temperature can be controlled from

ambient to approximatelyblSOoF. The air then passes through the test section

which contains the nozzle blocks and test region.

Downstream of the test section is a hydraulically controlled pitch sector
that provides a total angle of attack range of 20° (:100). Sting oftsets are

available for obtaining various meximum engles of attack up to 900.

11
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DATA REDUCTION

All model forces and moments were resolved in the missile axis system
and presented in the form of nondimensional coefiicleats. When the model
is reversed on the balance for angles from 90 to 190 degrees, the following
forces and moments have been changed in sign to transferm them into the
missile axis system; axial force, side force, pitching moment and rolling
moment. This is illustrated in Figure 9.

The incremental static aerodynamic coefficients due to various strake
conditions were obtained by subtracting the value at body alone conditions
from the value at body + strake conditions. There was no base axial force
computed due to the different type of sting/model configurations tested.

Model reference dimensions used in the data reduction are:

Parameter Full Scale ﬁodel Scale
Reference Area (Spo¢) based on

body cross section) 20,602 in.2 0.503 in.2

Reference Length (2ref) =(bref) =

model diameter 162 in. 0.8 in.

Moment Reference Center (from body

nose) XMRP 1,233 in. 6.081 in.
YMRP 0 0
ZMRP 0 0

Data was corrected for weight tares and sting deflections, but not for
tunnel flow angularities. Schlieren photographs at M = 3.48 are available

upon request from NA JA/MSFC.

12



TABLE 1.
TEST CONDITIONS

AT TR AT

TEST 554
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
0.6 4.95 4.35 100
] 0.9 6.25 7.37 100
3 1.20 6.62 9.14 100
{ 1,96 6.92 10,02 100
5 3.48 6.96 6.86 100
?
%
\
1
¢
#
5
¢
£ BALANCE UTILIZED: MSFC # 231
:é
- COEFFICIENT
CAPACITY: ACCURACY TOLERANCE: q = 10 psi
NF 122 1bg .61 1bs .0082
M M

) SF 52 1hg .26 1bs _ooT——
AF 20 1bg .10 1bs —0uTI—
: : PM  _122 &n_Jh. bl dn. 1b. .0015

o YM 53 in, 1b .27 in. 1b, L

5 T “I3dn. Ib. ST VR
. COMMENTS :
>
i

" MSFC - Form 263-1 (Februmry 1072)
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TABLE II. Centinued)
DATA SET IDENTIFIER CODING

DATA SET GROUP-DATA SET

IDENTIFIER CONFIGURATION o B ¢ GRIT IDENTIFZT™
R79A1A NBE 0 0 S
B B 0 0 S R79100
c cC 0 S
R79B1B B0 0 F
c c 0 0 F
D D 0 0 F R79101
E E 0 0 F
F F 0 0 F
G G 0 0 -
H H 0 0 -
I I 0 0 _ No Data
J J 0 0 -
R79C1A A 0 0 NO
B B0 0
c c 0 0 R79111
D D 0 0
E E 0 0
F F 0 0 R79102
G G 0 0
H H 0 0
1 I 0 0
J J 0 0 Y
R79D3A NBES A 0 45 S
B B 0 45 S R79103
e cC 0 45 S
R79D5A A 0 90 S
L B B 0 90 s } R73104
- R79E3B * B 0 45 F }
i o c o Py v R79105
:
R79E5B 0 90 F
c 0 %0 v } R79106
o R79E7A A 0 135 F
. B B 0 135 F R79107
c f cC 0 13 F
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TABLE II. <{(Concluded)

DATA SET GROUP-DATA SET
i IDENTIFIER  CONFIGURATION o 8 ¢ GRIT IDENTIFIER
R79F3A NBES A 0 45 No
B B0 45
c c 0 45
D D 0 45
E E 0 45 R79108
F F 0 45
¢ G 0 45
H H 0 45
I I 0 45 $
J J 0 45 .
R79F5A A 0 90 NO
B 0 90
¢ c 0 90
D D 0 90 ‘
E E 0 90 >~ R79109
F F 0 90
G G 0 90
H H 0 90
1 I 0 90 ’
J I 0 90 1
» R79F7A A C 135 NO
| B B0 125
; c cC 0 135
i D D 0 135
E E 0 135 R79110
i F F 0 135
? G ¢ 0 135
H H 0 135
: 1 + I 0 135
! J J 0 135 Y
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st s o oo
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TABLE II1.
MODEL COMPONENT DESCRIPTIONS

MODEL COMPONENT: NOSF - N

GENERAL DESCRIPTION: 162 Inch SRB Nose, cone angle is 18° with a spherical

radius nose cap. (The nose was cut to allow for sting mounting when angles

of attack from 130° to 190° were testecd.)

DRAWING NUIMBER

PSR ERRASET SN Wt DAORO- G v SRS Sl

DIMENSION: FULL SCALE MODEL SCALE
Length | 222 in. 1.097 in.
Max Width 162 in. 0.8 in.
Max Depth 162 in. 0.8 in.
p Fineness Ratio | 1.37 1.37
7 Area
d O Max Cross-Sectional 143.14 ft? 0.503 in.?2
V Planform
h Wetted
‘ Base 143.14 ££2 _ 0.503 in.2
v : Length (w;nen cut for
g sting mounting) 54.9 in, 0.271 1in.
{
;i

‘o
| :
b
,;‘

el ‘
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TABLE III. {(Continued)

MODEL CTOMPONENT: BODY - B

GENERAL DESCRIPTION: 162-Inch Solid Rocket Booster Body (The body wag cut

~on its gide for sting mounting when angleg ©f attack from 50°% ra 130° were.
tested,)

DRAWING NUMBER

O T ARSI s A e [0 b SOMSME T LT -

DIMENSION: FULL SCALE MODEL SCALE
Length 1711 in. 8.453 in.
L Max Width 162 0.8 ia
. ; | Max Depth w2 0.8 in
& Fineness Ratio 10.57 10.57
§, Area
23;, Max Cross-Sectional 143.14 £t2 0,503 {p.2
g‘ Planform
Wetted
; Base 143.14 ft2  0.503 in.2

L B A AR DR S S




TABLE III. (Continued)
MODEL DIMENSIONAL DATA

MODEL COMPONENT :_RING, ATTACHMENT, R

GENERAL DESCRIPTION : _An attachment ring (used to attach SRB to ET)

is located 1.121 inches model scale (227 i:ches full scale) forward

of the Junction of the SRB body and engine shroud.

DRAWING NUMBER :

DIMENSIONS : FULL SCALE MODEL SCALE
Length
Max Width 0.058
Mox HBeight 0.0595

Fineness Ratio

Area

Max. Cross—Sectional

Planform

Wetted

Base




TABLE III. (Continued)

MODEL COMPONENT: ENGINE/SHROUD - E_

FEAESORg™~ £ < CT-GU

GENERAL DESCRIPTION:

162 inch SRB engine shroud/nozzle combination.

Both are symmetrical with the SRB body.

(The Engine/Shroud was cut

to allow for sting mounting when angles of attack from 50° to 190°

were tested,

DRAWING NUMBER:

DIMENSIONS:

Engine Shroud

Length
Max Width

Max. Depth

i .

PRI R AU PR RS W W“WW‘M’MMWH}#“’“M‘« 3 o AL MO s 0o FLmr 8

Max Cross-Sectional Area

Engine Nozzle

;
§f Length

é Max. Width
2: Max. Depth

Max Cross—Secticnal Area

LT el WX e

FULL~SCALE MODEL SCALE
118 in. 0.584 in.
276 in. 1.363 in.
276 in. 1.363 in.
415,48 £t2 1.459 in.2
53 in. 0.260 4in.
205 in. 1.012 1in.
205 in. 1.022 in.
229.12 ft2 .804 in/2

\»o"

Fé;;’%‘ R L b PR o ARz b T T




o ~ MODEL COMPONENT : STRAKE, TWO-CALTBER

TABLE III. (Continued)
MODEL Din. ZNSIONAL DATA

GENERAL DESCRIPTION : The leading edge of the forward strake is

‘§ ‘ located 0.8 inches (model scale) 162 inches (full scale) aft of the
1

4 Junction of nose and body. The trailing edges of the aft strake is
2 located 0.230 inches (model scale) (46.5 inches full scale) forward

of the junction of the body and engine shroud.

i
: § DRAWING NUMBER :

DIMENSIONS :

Length

Max Width

1 AU

Mox Height
g Fineness Ratio

Area

Max. Cross~Sectional

';f Planform

Wetted

Base

FULL SCALE MODEL SCALE
324 in, 1.6 in,
16.2 in, 0.08 in.
16.2 in. 0.08 1n.’
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TABLE III. (Concluded)
MODEL DIMENSIONAL DATA

MODEL COMPONENT : _STRAKE (BASIC) ONE-CALIBER

GENERAL DESCRIPTION : The leading edge of the forward strake is

located 0.8 inches (model scale) 162 inches {full scale) aft of the

Junction of nose and body. The trailing edge of the aft strake is

located 0.230 inches model scale (L46.5 inches full scale) forward
—of the junction of Podv and engine shroud.

DRAWING NUMBER :

DIMENSIONS : FULL SCALE MODEL SCALE
Length (Basic) 162 in. 0.80 in.
Max Width 16.2 in. 0.08 1in.
Max Height 16.2 in, 0.08 in,

Fineness Ratio

Area

Max. Cross—Sectional

Planform

Wetted

Base
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